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INTRODUCTION

Uses of Dosimetry in Radiation Epidemiology

Steven L. Simon,1 Ruth A. Kleinerman, Elaine Ron and André Bouville

Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of Health, Bethesda, Maryland

Radiation epidemiology seeks to describe and quantify
the risk of health effects, often cancer, in populations ex-
posed to ionizing and non-ionizing radiation. To do so, it
is important to estimate organ or tissue doses for large num-
bers of exposed individuals with a moderate to high degree
of certainty. Unlike dosimetry for establishing compliance
with regulations, which relies on doses estimated for rep-
resentative, maximally exposed, or highest-risk persons, do-
simetry for analytical epidemiological studies usually re-
quires developing new dosimetric models or tailoring ex-
isting ones to reach a higher level of individualization. The
majority of radiation epidemiological studies conducted to
date have required the reconstruction of dose to individuals
or study populations that were exposed many years ago.
This presents a major challenge to researchers, because
measurements often are not available or do not exist in
forms that are directly usable for calculating radiation doses
on an individual basis. The goal of this special issue of
Radiation Research is to introduce readers to an array of
dosimetric methods and applications that have been devel-
oped to reconstruct radiation exposures for epidemiological
studies. We intend to fill a void in the technical literature
by describing these methods in terms understandable to ep-
idemiologists, dosimetrists and statisticians so that these re-
search tools can be used by other members of the research
community.

This publication follows the 1995 National Academy of
Sciences/National Research Council report entitled Radia-
tion Dose Reconstruction for Epidemiologic Uses (1). That
book summarized the views and expertise of a group of
scientists who participated in a workshop on dose recon-
struction for environmental radiation exposures. Since then,
the methods for dose reconstruction have continued to ad-
vance, and the knowledge gained from epidemiological
studies of populations exposed to radiation from many dif-
ferent sources has grown. It is therefore timely to publish
a special issue of Radiation Research devoted to the meth-
ods used to estimate medical, occupational and environ-
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mental radiation doses to individuals within the context of
epidemiological studies.

Radiation epidemiology studies can be classified by the
circumstances of exposure, i.e. medical procedures, routine
and accidental occupational exposures, or releases of radio-
active materials to the environment, and we have grouped
the papers in those categories. Most of the studies discussed
in this issue have been conducted by, or in collaboration
with, the Radiation Epidemiology Branch (REB) of the
U.S. National Cancer Institute (NCI), and we think that
they represent a cross section of epidemiological studies
that have quantified radiation-related risks based on esti-
mated individual doses. For example, in collaboration with
investigators at the University of Texas M. D. Anderson
Cancer Center, the Radiation Epidemiology Branch has a
long history and extensive experience developing dosime-
try methods for studies of populations exposed to radiation
from medical procedures (2, 3). Reconstruction of doses
from radioactive fallout from nuclear testing (4–8) and ac-
cidents (9) has been an active area of research by REB for
the past several years and has included the development of
parameter values for environmental exposure models (10,
11). REB also has been involved in using and evaluating
dosimetric methods for estimating individual organ doses
from exposure to radon and its radioactive decay products
(12). Studies have incorporated estimates of radon concen-
tration in homes using both contemporary (air monitors)
(13) and retrospective (surface monitors on glass) measure-
ments (14) to characterize radon exposure to individuals.
Biodosimetry also can contribute important, independent
estimates of radiation exposure. REB has incorporated sev-
eral biological markers of radiation exposure in its studies
(15–21). Finally, REB also has been investigating sources
of uncertainty in dose estimates and has been active in the
development of methods to account for uncertainty in dose–
response analyses (22, 23).

The dosimetry methods described in the papers in this
issue have been applied to both external and internal sources
of radiation, different levels of exposure, and radiation fields
of varying uniformity and rates of delivery. Almost every
study described in this issue has required unique methods to
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estimate radiation doses due to differences in the type and
level of radiation exposure, the study population character-
istics, and the variety and quality of available data.

Epidemiological studies of medical exposures to external
sources of radiation for treatment of malignant and benign
diseases have incorporated dosimetry methods to estimate
organ doses inside as well as outside the treatment volume
(24, 25). Radiation doses to specific organs have been es-
timated from laboratory measurements that simulate actual
exposure situations using a combination of anthropomor-
phic and water phantoms, as well as numerical simulation
models using mathematical phantoms (3, 26). Radiation
doses from internal irradiation resulting from the use of
radiopharmaceuticals for diagnostic or therapeutic purposes
also are considered. A description of various methods for
reconstructing medically related exposures is presented.

Occupational exposure to radiation is usually chronic and
may be protracted over moderate to long periods. Studies
of radiation workers provide an important source of infor-
mation on the effects of exposure at low dose and low dose
rates (27). Methods are discussed in this issue that have
been used to estimate radiation exposure to various occu-
pational groups including Chornobyl clean-up workers,
miners exposed to radon, radiological technologists, and
workers in the nuclear industries.

The reconstruction of doses from radioactive fallout from
nuclear weapons testing and from other accidental environ-
mental releases of radioactive materials has been an active
area of dosimetry research for more than three decades.
During that time, a variety of empirical and theoretical
models has been developed to estimate radiation dose re-
ceived from radiation external to the body as well as a
consequence of ingesting or breathing contaminated air, wa-
ter and food (4, 7, 28). This issue includes papers sum-
marizing the methods used to estimate radiation exposure
to individuals living near nuclear testing sites of the U.S.
(Nevada, Marshall Islands) and the former Soviet Union
(Semipalatinsk), the Mayak weapons production facility,
and the Chornobyl nuclear reactor.

The Life Span Study (LSS) of atomic bomb survivors
holds a unique place in the fields of physics, dosimetry,
statistics, risk assessment and, of course, epidemiology.
This study has been the greatest source of data and infor-
mation on risks of acute whole-body exposure and has had
the greatest impact on the development of radiation protec-
tion standards. The enormous and unique dosimetry effort
has resulted in individual dose estimates for most organs
and tissues for almost 90,000 survivors. Periodic updating
and improvement of the dose estimates has helped make
the LSS the ‘‘gold standard’’ for risk estimates (29–36) in
radiation protection. A summary of the recently completed
dosimetry system is presented in this issue.

Evaluation of certain biological end points that are quan-
titatively related to absorbed dose has contributed important
independent estimates of radiation exposure in many epi-
demiological studies. When compared to dose estimates

from analytical dose reconstruction, biological dosimetry
may validate estimated doses (17) or give values inconsis-
tent with estimated doses (19, 20). The disagreement be-
tween biological dosimetry and analytical dose reconstruc-
tion raises important questions about bias in reconstructed
doses or problems of obtaining representative biological
samples for the assays. The most widely used techniques
for retrospective dosimetry—fluorescence in situ hybridiza-
tion (FISH) of chromosomes, often called chromosome
painting, glycophorin A somatic mutation assay (GPA), and
electron paramagnetic resonance (EPR) measurements of
teeth—are discussed in this issue.

In recent years, the epidemiology community has rec-
ognized that uncertainty in dose estimates can lead to mis-
interpretation of the dose response and can obscure a true
dose–response relationship (22). This is particularly rele-
vant to highly uncertain reconstructed doses, but it also
applies to occupational and medical exposures based on
measurements that are sometimes incorrectly assumed to
be determined with high precision. Accounting for uncer-
tainty in dose estimates, especially in studies of low doses,
may be critical to drawing proper conclusions, computing
appropriate confidence intervals and assessing risk, as well
as ensuring credibility among our peers and the public.
Analyses of the LSS data have been in the forefront in
terms of accounting for uncertainty in the dose estimates
(37, 38).

Many in the risk assessment field would agree that ra-
diation dosimetry is the most advanced of all exposure as-
sessment methods. Radiation physicists early on embraced
the methods and necessity of error propagation. Their com-
fort with the mathematics of probability distributions, ran-
dom number generation, and implementation of simulation
models undoubtedly reflects their heritage in the Manhattan
Project, where Monte Carlo methods were developed. The
realization that dosimetric uncertainties are usually substan-
tial, coupled with the development of computer simulation
techniques, has made uncertainty less of a source of angst
about the potential weakness of a study than it is a driving
force behind innovation in analytical and statistical meth-
ods. A discussion is presented in this issue on how uncer-
tainty can affect the crucial step in risk assessment—deriv-
ing the dose response—and how correcting for it can be
tackled.

Combining the varied expertise of physicists, dosimetr-
ists, statisticians and epidemiologists is a fairly recent phe-
nomenon. It is one that we believe has many advantages
and one we have implemented at the NCI, where these
professionals work alongside one another as co-investiga-
tors on a variety of radiation-related epidemiological stud-
ies. This issue highlights the results of these interdisciplin-
ary collaborations at NCI and elsewhere and makes them
widely available. We hope that the readers of Radiation
Research find this presentation to be useful and that it will
stimulate further improvements in dosimetry and epidemi-
ological studies.
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